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•  This change will ALSO help us deal with 
the crush of new datA  
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nuclear information 

•  Studies in basic & applied nuclear science 
require BEST information on  
–  structure of nuclei 

–  reactions between nuclei 
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data generation and data processing 

•  Improvements require efforts in both 
–  data generation (measurements, theory) 

–  data compilations / evaluations / processing 

ORRUBA array 
ORNL – Rutgers University 

EMPIRE code 
Michal Herman NNDC/BNL 
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data generation and data processing 

•  data generation racing ahead, driven by 
–  large detector arrays 
–  Traps for high precision mass measurements 
–  intense beams of unstable nuclei [ FRIB ! ] 

–  sophisticated nuclear modeling codes 

GRETINA 

JYFLTRAP 

HFB14 masses 
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data generation and data processing 

•  Data processing is lagging behind … 
–  Masses not fully updated since 2003 [AME2003]  
–  Many beta decays not yet in ENSDF 
–  Charged-particle induced reactions on unstable 

nuclei need evaluations 

GRETINA 

JYFLTRAP 

HFB14 masses 
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data generation and data processing 

•  Why is data processing lagging behind ? 
–  shrinking evaluation manpower 
–  more and more data ! 
–  more complex data sets 
–  few changes in methodology 
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evaluation methodologies in nuclear science 

•  methodology breakthroughs are possible - & 
necessary to keep up with all the new data ! 
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evaluation methodologies in nuclear science 

•  need a paradigm shift … new “online” approach 
to data work may be the answer 
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new online paradigm 

imagine … 

   having a digital assistant who 
automatically collects relevant masses, 
level schemes, references ... 

a way for experts to easily upload 
supplemental information for your 
evaluations  

having all major databases just one mouse 
click away 

having an evaluation template automatically 
filled out for you 

running analysis & application codes without 
compatibility, updates, backups, or cyber 
security issues 
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new online paradigm 

imagine … 

designing custom views of datasets from a 
variety of visualization tools 

having a "virtual expert" online 24/7 to 
consult with questions 

sharing your large data sets easily with 
colleagues 

easily uploading your evaluation and 
visually tracking its progress for reviews, 
revisions, & acceptance 

using a pipeline to process your evaluated 
data for use in simulations codes 

running & visualizing these simulations, then 
sharing the results with colleagues   
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new online paradigm 

now imagine all of these services are free 
supplements to your research  

you can pick and choose which ones to use 
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new online paradigm 

•  this new online way to work not a wild dream 
… some components are already online ! 
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new online paradigm 

•  working online Streamlines repetitive tasks, 
great for novices or experts, attracts 
students … 
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cloud computing 

•  Cloud computing: latest trend in software 
(Google apps …)  

•  Run on remote servers “in the clouds” 
•  let someone else worry about maintenance, 

updates, backups, security costs 
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cloud computing 

•  Advantages: no issues with platform 
compatibility, compilation errors, 
installation hassles typical of code 
download services 
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examples of first generation tools 

•  Some First generation tools built & 
Deployed 

•  workflow management 

•  virtual pipelines 

•  online end-user applications 

•  database access 

•  file repository 

•  data visualization 

•  information sharing 

•  data harvesting 



cloud computing for nuclear data michael smith  ornl 

workflow management 

•  Many steps from starting an evaluation 
to having it published  

•  Would be great to give transparency & 
clarity to this workflow 

perform	  
evalua,on	  

submit	  
to	  editor	  

editor	  assigns	  
referree	  

editor	  returns	  
to	  evaluator	  

revised	  version	  	  
submi4ed	  

editor	  accepts	   evalua,on	  	  
published	  

referee	  does	  
review,	  submits	  
to	  editor	  

referee	  does	  new	  
review,	  submits	  
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workflow management 

•  We built workflow tools for an international 
collaboration in nuclear astrophysics 
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workflow management 

•  easily upload your evaluation & visually 
track its progress for reviews, revisions, & 
acceptance 
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workflow management 

•  Automates & archives Different tasks for 
evaluators, referees, editors … 

•  System is customizable for different fields 
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workflow management 

•  would work great for ENSDF evaluations 
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virtual pipeline 

•  Integration of data collection, processing, 
visualization, management , & end-user 
applications … 

upload	  
to	  system	  

manipula,ons	  	  
(gain,	  normalize,	  
extrapolate	  …)	  	  

analy,cal	  fit	  of	  	  
rate	  

insert	  into	  	  
rate	  library	  

process	  into	  	  
reac,on	  rate	  

measurement	  

input	  into	  	  
simula,on	  

run	  simula,on,	  
visualize	  results	  

share	  with	  	  
colleagues	  
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virtual pipeline 

•  Created the first virtual “pipeline” from the 
nuclear laboratory to astrophysics codes 

upload	  
to	  system	  

manipula,ons	  	  
(gain,	  normalize,	  
extrapolate	  …)	  	  

analy,cal	  fit	  of	  	  
rate	  

insert	  into	  	  
rate	  library	  

process	  into	  	  
reac,on	  rate	  

input	  into	  	  
simula,on	  

measurement	  

run	  simula,on,	  
visualize	  results	  

share	  with	  	  
colleagues	  



cloud computing for nuclear data michael smith  ornl 

virtual pipeline 

•  seamlessly merging nuclear manipulations 
with astro simulations, all “in the cloud”  
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cloud computing 

•  nucastrodata.org has been operating “in the 
clouds” with “Rich Internet Apps” since 2004 

•  example is our code giving analytic fits to 
pointwise reaction rates to 2 % precision 
over ~30 orders of magnitude 

fit deviation vs. temperature 18F(p,α)15O rate vs. temperature 

± 1.25 % over  1025  range in rate 
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cloud computing 

•  We offer a number of utility codes in a 
“nuclear data toolkit” 

extrapolation 
with theoretical  
cross sections 

linear extrapolations 

normalizing &  
gain matching 



cloud computing for nuclear data michael smith  ornl 

cloud computing – end user applications 

•  The popular nucleosynthesis code xnet [Hix & 
Thielemann] is integrated into our “Cloud” 
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cloud computing – end user applications 

•  streamline execution of XNET, store results 

•  easy to use custom input nuclear data sets 
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HST Nova QUVul 1999 

cloud computing – end user applications 

•  sensitivity studies: multiple code runs to 
determine dependence of output on input 

•  now automated with 20-fold productivity 
increase & elimination of book keeping errors  

rate * 100 

rate * 10 

rate * 0.01 
rate * 0.1 

rate * 1 

22Na abundances 
vs. 22Na(p,γ) rate variation 

22Na 

21Ne 

22Ne 

22Na abundance 
vs. time in  
Nova outburst 
with different 
22Na(p,γ) rates 
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CHANDRA x-ray image"
of cluster of bursters"

cloud computing – end user applications 

•  move beyond execution & visualization to 
analysis of results 

•  Example: unique, custom, automatic searches 
for bottleneck reactions and waiting point 
nuclei in novae & X-ray burst simulations  



cloud computing for nuclear data michael smith  ornl 

information sharing - database access 

•  nucastrodata.org links together over 70 
sets of nuclear physics & nuclear astr0 data 
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information sharing - file repository 

•  Allows quick sharing of files in 32 formats 

•  upload quickly, view over web or within suite 
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data visualization 

•  move beyond text tables, line plots 
•  dynamic, multi-D, animated, interactive plots 

are essential research tools 
•  Trend: use viz tools “in the clouds” to save 

your development time 
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data visualization 

•  Computational Infrastructure for Nuclear 
Astrophysics features 2 - D animated plots 
for nuclear burn calculations 
–  reaction flow vs. time 

–  abundance vs. time 
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data visualization 

•  nuclearmasses.org advances mass datasets 
from text tables to dynamic 1D & 2D plots 

•  Integrates uploading of data sets with 
plotting and analysis tools 

easy uploads 

deviation plots 

S2n mass surface 
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data visualization 

•  nuclearmasses.org advances mass datasets 
from text tables to dynamic 1D & 2D plots 

•  Quick comparisons of datasets (theory, 
experimental, evaluated) over many parameters 

Comparisons to AME2003 
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data visualization 

•  future feature at nuclearmasses.org: 
interactive mass plots 

select nuclei 

display properties of  
selected nuclei 

H. Koura, JAEA	  
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information sharing 

•  Many data sets too large to email, FTP often 
cumbersome 

•  We Built mechanisms to share data sets & 
documents easily with colleagues 

•  Subscriber model: register for free disk space 

Nova	  RS	  Ophiuchi	  simula,on	  
Hydrodynamics	  1D	  +	  thermonuclear	  burn	  
Sumner	  Starrfield	  [Arizona	  State	  Univ.],	  	  
Tomomi	  Sunayama	  [Yale],	  	  
Raph	  Hix	  &	  	  MSS	  [ORNL]	  

Nova	  RS	  Ophiuchi	  

Very	  Long	  Baseline	  Array	  

21	  days	  

27	  days	  
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information sharing 

•  Our system features User [private], shared, 
and public data spaces 

•  easy to share large cumbersome datasets 
and use with all our data/viz/siM tools 

•  Forms an online community 
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information sharing – dataset merging 

•  Integrated tools for data modification / 
merging / management 
–   speeds work 
–   improves accuracy !! 
–   simplifies repetitive tasks 

REACLIB	  
Rauscher,	  Thielemann	  et	  al.	  
>	  60,000	  rates	  
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data harvesting 

•  many of us visit the same sites every time 
we launch an evaluation or investigation 
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data harvesting 

•  automate these repetitive data searches 
and retrievals to increase productivity  
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data harvesting 

•  we built a “digital assistant”  

•  choose the nucleus, it seeks & retrieves 
(harvests) the data 

•  Delivers to your desktop / private spacE 

retrieve 
info from 
international  
databases 

get	  data	  
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data harvesting 

•  proof of principle tool created, 
successfully tested, & put online 

•  harvests from 5 databases, many more 
to be added soon 

ENSDF references 
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data harvesting 

•  proof of principle tool created, 
successfully tested, & put online 

•  harvests from 5 databases, many more 
to be added soon 

KAERI Table of Nuclides 
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data harvesting 

•  proof of principle tool created, 
successfully tested, & put online 

•  harvests from 5 databases, many more 
to be added soon 

JINA Virtual Journal 
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data harvesting 

•  future versions will: 
–   parse some information into a private, secure, 

searchable database & file system 
–  Let you choose the databases 
–  Interface with tools for file management, merging, 

modification, custom visualization  
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near term future … 

•   evaluation templates 
–  Choices of different template formats 
–  Enable template customization  [google apps…] 
–  automatically populate template with harvested 

information 

18Ne evaluation  
(Ajzenberg-Seolve 1987) 

TUNL 
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near term future … 

•   evaluation GUIDES 
–  Interactive online “help desk” 
–  Help train next generation of evaluators 
–  Capture existing expertise 
–  Utilize social media [youtube …], papers, talks…  
–  Closely couple to “cloud” evaluation tools 
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longer term future … 

•  hopefully more online tools to  
–  share / manipulate / visualize data 

–  automate of repetitive tasks 

–  Run your cutting edge nuclear science codes 
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exploring nuclear data in the clouds 

•  Would like to explore the tremendous 
potential of online systems for nuclear data 

•  Great to share ideas, codes, mechanisms to 
bring new “nuclear cloud” systems online 
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nuclear data cloud computing consortium 

•  Suggest forming a working group ‒ Nuclear 
Data Cloud Computing Consortium NDC3 

•  Email “cloud @ nucastrodata.org” to join 
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summary 

•  An Online approach ‒ “cloud computing” ‒ provides 
many advantages over traditional data work 

•  This “wave of the future” already has streamlined 
incorporation of latest data into astro codes 

•  Could be very useful for your work 


